After a general introduction and introduction to acetic acid bacteria, this work focuses on the genus Asaia, which causes sensory defects in non-alcoholic beverages. Asaia representatives have strong adhesive properties for materials used in the food industry, where they subsequently form biofilms and are highly resistant to chemical preservatives. After the basic characteristics of the genus Asaia and its influence on humans, the main part of the paper deals with microbial contamination of beverages by these bacteria. The paper summarizes the knowledge of the influence of packaging materials on the development of defects in beverages and the use of natural bioactive substances and plant extracts as an alternative to maintaining the microbiological stability of beverages.
Introduction
Acetic acid bacteria (AAB) get their name because of their ability to oxidize ethanol to acetic acid (except the Asaia genus), which is used in the industry for the production of vinegar and other compounds such as L-ascorbic acid, dihydroxyacetone, gluconic acid, sorbose, and cellulose (Mamlouk and Gullo, 2013) . Research on AAB focuses mainly on vinegar, wine, cocoa and coffee, which are raw materials of major importance in the food industry. On the one hand, the use of AAB as starter cultures in vinegar production can lead to an improvement in the fermentation process and an increase in the quality of the final product, whereas on the other hand their occurrence in wine is undesirable because it increases the content of volatile acids (Sengun and Karabiyikli, 2011) . Many AAB tolerate preservatives commonly used in the beverage industry (benzoates, sorbates, dimethyl dicarbonate) (Juvonen et al., 2011) and therefore cause microbial spoilage of beverages (Kregiel et al., 2012; Horsáková et al., 2009; Moore et al., 2002; Kregiel and Antolak, 2016) .
Acetic acid bacteria
The group AAB (Acetobacteraceae) includes gramnegative, aerobic, non-sporeforming bacteria, ellipsoid to rod-shaped (Fig. 1) . Their size ranges from 0.4 to 1 µm in width and from 0.8 to 4.5 µm in length (Sengun and Karabiyikli, 2011) . They can occur individually, in pairs or in chains. The optimal growth conditions are: t = 25-30 • C and pH 5-6.5, and they are able to grow even at pH <3 (Juvonen et al., 2011) . AAB obtain energy from, for example, the oxidation of sugars, organic acids, sugar alcohols, and alcohols, while producing acetic, gluconic, lactic and succinic acids, acetaldehyde and ketone compounds. Final products depend on the type of bacteria and the growth conditions (Juvonen et al., 2011) . No glycolysis is performed due to the lack of phosphofructokinase enzyme. AAB were isolated from plants, fruits, fermented foods and beverages, or insects (Crotti et al., 2010) . The AAB taxonomy is still evolving due to the limited knowledge of their phylogenesis and the difficult isolation and problematic conservation of these strains (De Vero and Giudici, 2008) . AAB had previously been divided into two genera:
Acetobacter (first described in the literature in 1898) and Gluconobacter (1935) (Yamada et al, 2008) . Acetobacter bacteria were isolated from vinegar, alcoholic beverages (beer, sake, wine, cider, tequila), pickled cucumbers, fruit (grapes, mango, bananas, papaya, etc.) , flowers and other materials.
Acetobacter s alcohol dehydrogenase activity is more stable in an acidic environment than that of the Gluconobacter genus; therefore it generates greater amounts of acetic acid (Sengun et al, 2011) . Based on 16S rRNA sequencing, it was found that some of the Acetobacter bacteria contain Q-10 as the main ubiquinone, whereas other bacteria of the genus contain ubiquinone Q-9 as the main one. Bacteria with ubiquinone Q-10 were then placed in a new genus Gluconacetobacter . Bacteria of the genus Gluconobacter are often found in fruit products, they thrive in a sweet environment such as fruits, cider, beer, and non-alcoholic beverages (Gammon et al., 2007) . They are considered to be the most common contaminants of low pH soft drinks, as they are resistant to preservatives such as sorbic acid, benzoic acid and dimethyl dicarbonate (Sengun and Karabiyikli, 2011) . Nowadays, thanks to the 16S rDNA sequencing, taxonomy is being refined and it divides the AAB into more than twenty genera: Acetobacter, Gluconobacter, Acidomonas, Gluconacetobacter, Asaia, Kozakia, Swaminathania, (Sengun et al, 2011; Sievers et al, 2006 (Crotti et al., 2010) . Further differences are shown in Table 1 . (LPSN, 2018) . Asaia is a gram-negative fermenting bacterium forming a sharply defined pale pink colonies on Sabouraud agar. Asaia is catalase positive, oxidase negative with optimal growth at temperatures of 22 to 30 • C. Its growth is limited at temperatures above 37 • C, it does not grow in 0.35% acetic acid medium and in the presence of methanol. Resistance to several antibiotics used against gram-negative bacteria (ceftazidime, meropenem, imipenem, trimethoprim, amikacin, vancomycin, aztreonam, penicillin, and ampicillin) has been identified (Moore et al., 2002) . As acetic acid bacteria, it is able to grow at low pH values (pH <3) (Kregiel, 2013) and non-carbonated non-alcoholic beverages are therefore a suitable medium for the growth of these bacteria. In nature, Asaia occurs in the tropical flora of Bauhinia purpurea and Plumbago auriculate and as the symbiotic bacterium of Anopheles mosquitoes (Crotti et al., 2010; Yamada et al., 2000) . Although these bacteria are not pathogens, the literature describes cases of the occurrence of Asaia bacteria in humans. Asaia bogorensis is the first bacterium of AAB that has been associated with human infection. It was isolated from a fluid from peritoneal dialysis in a patient with diabetes in the last stage of renal failure in 2004 (Snyder et al., 2004) . In the following year, Asaia was isolated from the blood of a drug-dependent patient with an operative knee arthritis (Tuuminen et al., 2006) . The occurrence of Asaia bogorensis was also reported in a two-year-old child with cystic fibrosis (Alauzet et al., 2010 
Genus Asaia as a microbial contaminant of non-alcoholic beverages
Proliferation and surface contamination with Asaia bacteria in the beverage industry is becoming a serious problem. Even the significantly low pH of beverages and the presence of chemical preservatives are unable to prevent the growth of these microorganisms (Kregiel et al., 2018) . The origin of Asaia as contaminating bacteria in the beverage industry is unclear. Moore et al. (2002) assume that it comes from the natural ingredients of recipes such as tea extracts. The growth of Asaia bacteria leads to turbidity and formation of floating particles in the contaminated finished product (see Fig. 2 ) (Kregiel et al., 2009; Horsáková et al., 2009; Moore et al., 2002) . Kregiel et al. (2018) identified cell coagulation in defective/spoiled samples of non-alcoholic beverages. These coagulations included bacteria of the genus Asaia and yeasts belonging to three distinct species, namely Wickerhamomyces anomalus, Dekkera bruxellensis and Rhodotorula mucilaginosa. Asaia bacteria were responsible for the formation of flakes in non-alcoholic beverages, yeast cells helped to strengthen the overall flake structure. Bacteria of the genus Asaia have strong adhesion ability to materials used in the food industry and are thus able to produce very resistant biofilms in the production facilities (Yamada et al., 2000; Sedláčková et al., 2011; Horsáková et al., 2009 ). The biofilm formed on the solid surfaces of the production line may then be the source of secondary contamination of the final products. The initial key step leading to biofilm formation is the adhesion of bacteria to the surface. It is a complex process influenced by the different physical and chemical properties of microbial cells, media and abiotic surfaces (Antolak et al., 2016b) . The adhesion of Asaia cells thus depends not only on the type of the medium, carbon sources and nutrients but also on the type of the surface material. It has been shown that mineral water with strawberry flavor provides more favorable conditions for the formation of Asaia genus biofilm compared to a medium containing a minimal amount of nutrients (Antolak et al., 2016a) . The type of surface material, its roughness and hydrophobicity significantly affect the attachment of bacteria and growth of biofilm. Bacteria A. lannensis and A. bogorensis show a stronger adhesion to plastic (hydrophobic) than glass (hydrophilic) surfaces (Antolak et al., 2016a). Kregiel and Antolak (2016) published a study about the effect of packaging material on the growth of Asaia bacteria in flavored mineral waters. They demonstrated that the A. bogoresis and A. lannensis strains were growing faster in PET (polyethylene terephthalate) bottles of a small volume (0.33 and 0.5 liters) compared to larger glass bottles. Smaller bottles provide a larger contact area for the liquid with the container surface where the bacteria can attach. Compared to traditional glass bottles, PET bottles are to a certain degree permeable to small molecules such as gases, water and other low-molecular compounds (aroma, flavor, and other additives). An increased risk of microbial growth in beverages packaged in PET is also due to an increase in oxygen content during storage. From this perspective, glass bottles of more than 0.7 liters capacity are the appropriate choice to increase the microbial stability of the final product. Due to the resistance of Asaia bacteria to chemical preservatives, attention is now focused on the use of natural bioactive substances such as polyphenols, saponins and organic acids (Antolak et al., 2016a) . A study has shown that 10% ethanol extract of peppermint (Mentha piperita L.) restricts the adhesion of bacterial cells of the genus Asaia (A. lannensis and A. bogorensis) to polystyrene, an approved food contact material (Antolak et al., 2016a) . In another study (Antolak et al., 2017) , the antibacterial and anti-adhesive effects of ethanol extracts from five edible parts of plants were investigated: cinnamon bark (Cinnamomum zeylanicum), licorice root (Glycyrrhiza radix ), nettle leaves (Urtica dioica), green tea leaves (Camellia sinensis) and elderberry flowers (Sambucus nigra). The medium containing 10% of the elderberry flowers extract provided the least favorable environment for the growth of tested bacterial strains of the genus Asaia (A. lannensis and A. bogorensis) . Also, green tea, cinnamon, and licorice extracts have proven inhibitory effects on bacterial cell adhesion. All of the mentioned extracts contained phenolic compounds (e.g. gallic, chlorogenic, neochlorogenic, caffeic, coumaric and felucic acid) and a number of flavonoids (flavanols, flavonols, flavanones). In addition to plant extracts, juices with a high content of polyphenolic compounds were also tested on Asaia species (A. lannensis and A. bogorensis). The addition of blueberry juice (Vaccinium myrtillus L.) and blackcurrant juice (Ribes nigrum L.) to the growth medium significantly reduced the growth of bacteria and their adhesion to the tested PET surface (Antolak et al., 2016b) . In particular, blueberry juice, characterized by a higher content of polyphenols, including proanthocyanidin type A, has strong antiadhesive and bacteriostatic properties. The high content of bioactive compounds with proven health-enhancing properties makes these juices a valuable addition to non-alcoholic beverages as well as an interesting alternative to chemical preservatives to maintain the microbial stability of final products.
Conclusion
From the above, it is clear that bacteria of the genus Asaia are a new player in the field of soft drink spoilage. Resistance to preservatives, adhesion and biofilm formation on packaging material or production equipment materials increase the possibility of contamination of the final product, thereby reducing the quality and microbiological safety of the beverage. An interesting way to restrict bacterial development not only of the Asaia genus is the addition of bioactive compounds, whether in the form of extracts or in natural juices with their high content.
